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Description 

[0001] This invention relates to curable fluoropolyether rubber compositions which preferably cure into parts having 
good water repellency, oil repellency, heat resistance, solvent resistance, chemical resistance, weather resistance and 

5 parting property as well as improved acid resistance. 

[0002] Japanese Patent No. 2,990,646 (JP-A 8-199070) discloses a composition comprising (A) a straight-chain 
fluoropolyether compound having at least two alkenyl groups in a molecule and a perfluoroalkyl ether structure in the 
backbone, (B) an organosilicon compound having at least two H-SiOSi structures in a molecule, and (C) a hydrosilyla- 
tion catalyst, which cures into parts having a good profile of heat resistance, chemical resistance, solvent resistance, 

10 parting property, water repellency, oil repellency and weather resistance. 

[0003] Although this fluoropolyether rubber composition performs well in most applications, a need for higher acid 
resistance exists in special applications associated with semiconductors, engine oils and the like where acid resistance 
is necessary. 

[0004] Preferred embodiments of the invention may provide curable fluoropolyether rubber compositions which cure 
15 jnto parts having one or more of: good heat resistance, chemical resistance, solvent resistance, parting property, water 
repellency, oil repellency and weather resistance as well as improved acid resistance. 

[0005] It has been found that by compounding (A) a stratght-chain fluoropolyether compound having at least two 
alkenyl groups in a molecule and a perfluoropolyether structure in the backbone, (B) an organosilicon compound having 
in a molecule at least two silicon atom-bonded hydrogen atoms, which all form H-SiCH 2 - structures, and (G) a hydros- 
20 ilylation catalyst, there is obtained a curable fluoropolyether rubber composition. Preferred embodiments may cure into 
parts having good heat resistance, chemical resistance, solvent resistance, parting property, water repellency, oil re- 
pellency and weather resistance as well as improved acid resistance. 

[0006] Fluoropolyether rubber compositions using an organosilicon compound having H-SiOSi structures as dis- 
closed in Japanese Patent No. 2,990,646 are not so strong against acid since the SiOSi linkage can undergo silicon- 
es oxygen cleavage under the action of acid. By contrast, in the organosilicon compound having H-SiCH 2 - structures, the 
silicon -carbon bond is highly stable against acid. Thus use of the organosilicon compound having H-SiCH2- structures 
can provide a fluoropolyether rubber composition with excellent acid resistance. 
[0007] Accordingly the invention provides a curable fluoropolyether rubber composition comprising 

30 (A) a straight-chain fluoropolyethercompound having at least two alkenyl groups in a molecule and a perfluoropol- 

yether structure in the backbone, 

(B) an organosilicon compound having in a molecule at least two silicon atom-bonded hydrogen atoms, which all 
form H-SiCH 2 - structures, and 

(C) a hydrosilylation catalyst. 

35 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0008] Component (A) of the curable fluoropolyether rubber composition according to the invention is a straight- 
chain fluoropolyether compound having at least two alkenyl groups in a molecule and a divalent perfluoroalkyl ether 
40 structure in the backbone. 

[0009] The perfluoroalkyl ether structure may be a structure comprising a multiplicity of recurring units: 

-C d F 2d O- wherein d in each unit is independently an integer of 1 to 6, for example, a structure of the following general 

formula (5): 

(C d F 2d O) q (5) 
wherein q is an integer of 1 to 500, preferably 2 to 400, and more preferably 10 to 200. 

[0010] The recurring units -C d F 2d O- constituting the structure of formula (5) are exemplified by the following units: 

50 

-CF 2 0-, 
-CF 2 CF 2 0-, 



2 
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-CF 2 CF 2 CF 2 0, 



-CF(CF 3 )CF 2 0- 



-CF 2 CF 2 CF 2 CF 2 0-, 



-CF,CF„CF 2 CF 2 CF 2 CF 2 0-, 



15 



and 

-C(CF 3 ) 2 0-. 



20 



25 



[001 1] The t alkeny ' c 9 o r ° * 2 10 6 carbon atoms, and terminated with a CH 2 -Ori si ^ lQcated 

to 8 carbon atoms, especially ^ io o c<j are f erred The amenyi gi h » Dreferr ed 



UCA^t\W> IV y - 

the following structural formula 



30 




en 



[001 2] The f luoropolyether compound (A) is preteraoiy 

(2) 

CH 2 =CH-(X) p -Rf°(X) p -CH=CH 2 

40 

(3) 

CH 2 =CH-(X) p -Q-Rf°-Q-W p -CH=CH 2 

u ■« v. e r H - or a qroup of the following structural formula 
^la <~m n-or-Y-NR'-CO-wheremYis-CHa-oragruuH 
45 Herein X is independently -CH 2 -, -CH 2 0 orYW 



(Z): 



so 




(Z) 
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of the formula (5), that .s, (C d F 2d O) q . Letter p 



3 



EP 1 1 67 453 A2 

carbon atoms which may contain an ether bond, for example, an alkylene group or an alkylene group containing an 
ether bond. 

[0013] Of these straight-chain fluoropolyether compounds (A), those of the following general formula (4) are pre- 
ferred. 

CH 2 =CH-(X) p -CFY 0-CF 2 -pF-y- 0-(C u F 2u O) r -/- <pF-CF 2 -0 A- CF-(X) p -CH=CH 2 (4) 

CF 3 \ CF 3 / m VCF 3 /„ CF 3 

Herein X is independently -CH 2 -, -CH 2 0- or -Y-NR'-CO- wherein Y is -CH 2 - or a group of the following structural formula 

(Z): 




CH 3 

(o, m or p-position), and FV is hydrogen, methyl, phenyl or allyl. Letter p is independently 0 or 1 , r is an integer of 1 to 
6, u is an integer of 2 to 6, and m and n each are an integer of 0 to 200. 

[001 4] Desirably the straight-chain fluoropolyethercompounds of formula (4) have a weight average molecular weight 
of about 4,000 to 100,000, more desirably about 1,000 to 50,000. 

[0015] Illustrative, non-limiting : examples of the straight-chain fluoropolyethercompounds of formula (4) are given 
below. In the formulas, m and n are as defined above. 





1 tfi7i^40 I -v 
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C H 2 =CH-CH 2 -N-C-fF-/0-CF 2 -CF 

CH 3 0 CF 3 \ CF 3 




0-CF 2 CF 2 -0-ACF-CF 2 -0 



m 



^CF 3 




CF-C-Y-CH r CH=CH 2 
CF3O CH 3 



CH 2 =CH-CH 2 -N~ C-CF-/ 0-CF 2 -CF 

O CF 3 V CF 




3 1m 



0-CF 2 CF 2 -Of-CF-CF 2 -a 

CF 3 



I— CF-C-N-CH 2 -CH=CH 2 



CH 3 
CH 2 =CH-Si 
CH 




N-C-CF-fO-CF 2 -CF- 

1 « 1 A- 
H O CF 3 \ CF 3 



0-CF 2 CF 2 -OY-CF-CF 2 -0 

CF, 



m 



L— CF-C-N 
I II I 
CF 3 OH 



n 




CH 3 

Si-CH=CH 2 
I 



CH 3 
CH 2 =CH-Si 
CH 




CH 3 
I 

N-C-CP 
II I 

OCF; 



0-CF 7 -CF-VO-CF 2 CF 2 -0-A CF-CF 2 -0 



I 

CF 



F 3 L 



CH 3 

CF 3 0 




CF- 





CH 3 
i-CH=CH 2 



CH- 



[001 6] In the practice of the invention, to tailor the 



straight-chain fluoropolyether compound of formula (4) to £ 



1 - ~- <*■•.. 
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average molecular weight desired for a particular purpose, it is possible that the straight-chain fluoropolyether com- 
pound be previously subjected to hydrosilylation reaction with an organosilicon compound having two SiH groups in a 
molecule by a conventional method under ordinary conditions to form a chain-extended product, which can be used 
as component (A). 

[0017] Component (B) serves as a crosslinking agent and chain extender for component (A). Any desired organo- 
silicon compound may be used as long as it has at least two silicon atom-bonded hydrogen atoms in a molecule in 
which every silicon atom-bonded hydrogen atom forms an H-SiCH 2 -structure. The organosilicon compound is prefer- 
ably of the following general formula (1). 



10 



15 



20 



I 



M s -Si 



I 

Si-M, 



R 
I 

M : -(CH 2 ) C -Si-H 

R 



(1) 



Herein c is 1 , 2, 3 or 4. R is a monovalent hydrocarbon group of 1 to 20 carbon atoms, preferably 1 to 6 carbon atoms, 
and may be the same or different. 2 is hydrogen or -Q-M, -Q-Rf, -Q-, -Rf- or -Q-Rf-Q- wherein Q is a divalent hydro- 
carbon group of 1 to 15 carbon atoms which may contain an ether bond, Rf is a monovalent perfluoroalkyl or per- 
25 fluorooxyalkyl group, and Rf is a divalent perfluoroalkylene or perfluorooxyalkylene group. Letter s is 1 , 2 or 3, t is 0, 
1 , 2 or 3, and a and b each are 0 or 1 , with the proviso that a and b are not 0 at the same time. 

[0018] The hydrocarbon groups represented by R will be described later in detail. Examples of Q include alkylene 
groups such as methylene, ethylene, propylene and hexylene, and those alkylene groups whose chain is separated 
by an ether bond (-O-). The monovalent perfluoroalkyl and perfluorooxyalkyi groups represented by Rf and the divalent 
30 perfluoroalkylene and perfluorooxyalkylene groups represented by Rf will also be described later in detail. 
[0019] Illustrative examples of the organosilicon compound are given below. In the formulas, Me is methyl. 



35 



Me Me 
I I 
H-Si-CH r Si-H 

Me Me 




Si-Me 2 




Si-Me 



45 




Me Me 

i I 
H-Si-CH 2 -CH 2 -Si-H 

I 2 I 
Me Me 




Si-Me 2 



50 




Si-Me 




55 
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Me 
H-SHCH2) 

Me 



Si-(CH 2 )„-Si 



Me 
l 

(CH 2 ) m -Si-H 
Me 



10 



15 



m 



= 1 to 4, n = 1 to 8 



Me 

H-Si-(CH 2 ) m 
I 

L Me 



1 Me Me 
-Si-(CH 2 ) n -Si- 



Me 
I 

(CH2) m -Si-H 
Me 



20 



25 



m 



= 1 to 4, n = 1 to 8 



Me 
I 

H-Si-(CH 2 ) m 
Me 



Ph 
I 

Si-(CH 2 )„-Si- 



Me 
I 

(CH 2 ) m -Si-H 
Me 
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35 



40 



45 



those of the following general formulas. 
Monovalent perfluoroalkyl 



C g F 2g-H 



g is an integer 



of 1 to 20, preferably 2 to 10. Divalent perfluoroalkylene 



" C g F 2g' 



g ls an integer of 1 to 20, preferab.y 2 to 10. Monova.ent perf.uorooxyalkyl 



50 




CF-CF 2 0 
I 

CF, 
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Y-f CF-CF 2 0 -\- CF 2 CF 2 
CF, 
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n is an integer of 1 to 5. 
Divalent perfluorooxyalkylene 

5 Y cf-o-cf 2 A— / cf 2 -o-cfA- 

\CF 3 J m \ CF 3 / n 

10 [0022] The sum of m+n is an integer of 1 to 200. 

- (CF 2 0) m -(CF 2 CF 2 0) n -CF r 

15 [0023] Each of m and n is an integer of 1 to 50. 

[0024] These perfluoro(oxy)alkyl and perfluoro(oxy)alkylene groups may be attached to silicon atoms either directly 
or through divalent linking groups. Such divalent linking groups are alkylene and arylene groups and combinations 
thereof, which may have an intervening bond such as an ether bond-forming oxygen atom, amide bond, carbonyl bond 
or the like. Illustratively, divalent linking groups having 2 to 1 2 carbon atoms are preferred, examples of which are given 

20 below. 

-CH 2 CH 2 ■ 
-CH2CH2CH2" 
-CH 2 CH 2 CH 2 OCH 2 - 

30 

-CH 2 CH 2 CH 2 -NH-CO- 
-CH P CH 2 CH 2 -N(Ph)-CO- 

35 

-CH 2 CH 2 CH 2 -N(CH 3 )-CO- 

40 -CH 2 CH 2 CH 2 -0-CO- 
Note that Ph is phenyl. 

[0025] In addition to the monovalent organic group containing a mono- or divalent fluorinated substituent, that is, 
45 perfluoroalkyl, perfluorooxyalkyl, perfluoroalkylene or perfluorooxyalkylene group, the organosilicon compound (B) has 
the silicon atom-bonded monovalent substituent R, which is selected from substituted or unsubstituted hydrocarbon 
groups c& 1 to 20 carbon atoms. Exemplary hydrocarbon groups are alkyl groups such as methyl, ethyl : propyl, butyl, 
ftexyf, cystoJarexyf, ectyi and :oyl, alkenyl groups such as vinyl and allyl, aryl groups such as phenyl, tolyl and naphthyl, 
exalk^l groups such »s benzyl and phenylethyl, and substituted ones of the foregoing groups in which some hydrogen 
50 atoms are substituted with chlorine atoms, cyano groups orthe like, such as chloromethyl.chloropropyl and cyanoethyl. 
[0026] With respect to the organosilicon compound, the number of silicon atoms per molecule is usually about 2 to 
about 60, preferably about 3 to about 30, though not limited thereto. 

[0027] The following examples are also typical of the organosilicon compounds. They may be used alone or in ad- 
mixture of two or more. Note that Me is methyl and Ph is phenyl. 

55 
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C 8 F 17 -(CH 2 ) n -Si 



Me 
I 

(CH 2 ) m -Si-H 
Me 



10 



15 



Me 
I 

C 8 F 17 -(CH 2 ) n -Si- 



Me 
I 

(CH 2 ) m -Si-H 
Me 



20 



Ph 
I 

C 8 F 17 -(CH 2 ) n -Si- 



25 



Me 
I 

(CH 2 ) m -Si-H 
Me 



30 



35 



C 4 F 9 -(CH 2 ) n -Si 



Me 
I 

(CH 2 ) m -Si-H 
Me 



40 



45 



Me 
I 

C 4 F 9 -(CH 2 ) n -Si- 



Me 
I 



(CH 2 ) m -^i-H 



Me 



so 
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Ph 
I 

C 4 F 9 -(CH 2 ) n -Si- 



Me 

(CH 2 ) m -Si-H 
Me 



m = 1 to 4, n = 1 to 8 



EP 1 167 453 A2 



Me 
I 

H-Si-(CH 2 ) m - 
Me 



Si-CH 2 CH 2 -(CF 2 ) n -CH 2 CH 2 -Si 



Me 
I 

(CH 2 ) m -Si-H 
Me 



. 3 



m = 1 to 4, n = 1 to 8 



Me 
I 

H-Si-(CH 2 ) 
Me 



m 



_ 3 



Me 
I 

(CH 2 ) m -Si-H 
Me 



LcH 2 -CH 2 -CF^O-CF 2 -CF^OKCF 2 ) r O-/-CF-CF 2 -OA-CF-CH 2 -CH 2 



I 

CF: 



I 

CF- 



I 

CF- 



I 

CF- 



x = 1 to 200, y = 1 to 200, r = 2 to 10, m = 1 to 4 



Me 
Me 



Me 
I 

(CH^-Si-H 
Me 



L -Si-(CH 2 )3-N-C-(CF 2 CF 2 0) m -(CF 2 0) n -C-N-(CH 2 )3-Si- J 

HO OH 

x = 1 to 200, y = 1 to 200, r = 2 to 10, m = 1 to 4 

[0028] An appropriate amount of component (B) blended is such that 0.5 to 5 mol, especially 1 to 2 mol of hydrosilyl 
groups (or SiH groups) in component (B) are available per mol of alkenyl groups (e.g., vinyl, ally! and cycloalkenyt) in 
component (A). Less amounts of component (B) may achieve an insufficient degree of crosslinking whereas excessive 
amounts of component (B) may allow chain lengthening to become preferential, inviting short curing and foaming r and 
aqgrav. .ing heat resistance, compression set and the like. 

[Ja?~* Component (C) is a hydrosilylation catalyst, which is typically selected from transition metals, for example, 
platinum group metals such as Pt, Rh and Pd and compounds of these transition metals. Because these compounds 
are generally expensive noble metal compounds, the invention favors the use of platinum compounds which are readily 
available. 

[0030] Exemplary platinum catalysts are chloroplatinic acid, complexes of chloroplatinic acid with olefins such as 
ethylene, and complexes of chloroplatinic acid with alcohols and vinylsiloxane, as well as platinum on silica, alumina 
and carbon, though not limited thereto. 

[0031] Platinum group metal compounds other than the platinum compounds include rhodium, ruthenium, iridium 
and palladium compounds, for example, RhCI(PPh 3 ) 3l RhCI(CO)(PPh 3 ) 2 , RhCI(C 2 H 4 ) 2 , Ru 3 (CO) 12 , lrCI(CO)(PPh 3 ) 2 , 
and Pd(PPh 3 ) 4 wherein Ph is phenyl. 
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r00321 The amount of the catalyst used is not critical and a catalytic amount may achieve a desired curing rate. From 
S^^SSoW and J obtain satisfactory cured parts, ^^Ta^S^^S^ 
onm mnrp nrpferablv about 0 1 to 500 ppm of platinum group metal based on the entire curable compos.uun. 
SST n ad S to component (B). the curable composition of the invention may ^^S^SSSSSS 
and chain extender for component (A). Specifically, an organosilicon compound having .n *™£^Jr^ ^nd 

oonTt^^^^ 

lengtheningto become preferential, inviting short curing and foaming, and aggravate 

SST r-SS addir SrJ^«KSE curable - improving » practice, 

Sage *r^^£™» containing CH 2 =CH(R)SiO units wherein R is hydrogen 

Lop ulon curina educing the coefficient of thermal expansion of the cured elastomer, improving thermal stab.hty, 

Z^Z^ZL resistance, flame retardance or mechanica. strength, and/or 

SSv Exemplary additives include fumed silica, quartz flour, glass fibers, carbon, metal oxides 

Walm o'aL and cerium oxide, and metal carbonates such as calcium carbonate and magnesium carbonate. If de- 

S Ui TtmTod n of jiaSSS. composition according to tne invention is not critical The cornpos.on 
K oioared simply by mixing the above-described components. The composition may be formulated as two parts 
plri — Tof component (A) and components (B) and (C) and the other ^^^^ 
anH 7 r v which ar e to be combined together on use. For the composition to cure, room temperature cure is. P° 
deoindina on th ^ type of f unctional group in component (A) and the type of catalyst (C) although a common , preferred 
2 2 to ^ecoZosmn at about 100 to 200-C for several minutes to several hours for --g. 
roSl On use depending on its particular application and purpose, the curable composition may be dissolved I , a 
2 able f^orochemS solvent, for examp.e, 1 ,3-bistrif luoromethylbenzene or perf.uorooctane ,n a desrred concentra- 

SJof ^hVc'rable Suoropolyether rubber composition cures into parts which have good heat resistance, chemical 

as sealants for semiconductor manufacturing apparatus, O-rings, diaphragms and sealants for automobiles and 
craft, roll materials for copiers, and constituent materials for secondary cells and fuel cells. 

EXAMPLE 

[0041] Examples of the invention are given below by way of illustration and not by way of limitation. The viscosity is 
a measurement at 25"C. All parts are by weight. 

Example 1 

f00421 To 1 00 parts of a polymer of formula (i) below (viscosity 8,500 cs, average molecular weight 22,000, and vinyl 
o 009 mo^Jo atwas added 20 parts of dimethylsiloxy-treated fumed silica having a specific surface area of 

7£X^^^ - - mi " ed °" 3 three - r °" mi "- T ° m r t Ure T ttafvs. ^in Ihetnm of 
fluoridated organosilicon compound of formula (ii) below, 0.2 part of a toluene solution 0 °[ 
rhta no aflnL acid modified with CH 2 =CHSiMe 2 OSiMe 2 CH=CH 2 (platinum concentration 1.0 wt%), and 0 4 part of a 
t^S^^Tl^ cycfohexanol. They were mixed to give «7^^^ d ^ r ; o ruZ' 
placed in a rectangular frame of 2 mm deep, deaerated again, and press cured at 1 00 kg/cm* and 1 50^ C ° r ^ 0 ™ es . 
From the cured sample, a specimen was cut out and measured for physical propert.es according to JIS K-6251 and 



» 
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Hardness (Durometertype A) 


40 




Elongation 


540% 


5 


Tensile strength 


10.7 MPa 



10 



CH 3 
CH 2 =CH-Si 

CH, 




CHi CH 3 

I I 
N-C-Rf-C-N 

II II 
O O 




CH 3 
I 3 

Si-CH=CH 2 
I 

CH, 



(i) 



15 



Rf : 




CF-O-CF, 
I 

CF, 




20 



m + n = 130 



25 



Me 
I 

C 8 F 17 -CH 2 -CH 2 -Si-(CH 2 -CH 2 -Si-H)3 

Me 



(») 



30 



35 



40 



[0043] The specimen was also examined for heat resistance, chemical resistance, solvent swell, low-temperature 
property and moisture permeability. The results are shown in Table 1 to 5. 

Comparative Example 1 

[0044] Composition II was prepared as in Example 1 except that 2.49 parts of a fluorinated hydrogensiloxane of 
formula (iii) was used instead of the fluorinated organosilicon compound of formula (ii). As in Example 1 , a cured sheet 
was obtained from composition II. A specimen was cut therefrom and measured for physical properties according to 
JIS K-6251 and 6253. The results are shown below. 



Hardness (Durometer type A) 


41 


Elongation 


620% 


Tensile strength 


11.8 MPa 



45 



50 



Me 
I 

C 8 F, 7 -CH 2 -CH 2 -S i-(0-Si-H) 3 

Me 



(iii) 



[0045] The specimen was also examined for chemical resistance, with the results shown in Table 2. 



55 
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Table 1 



10 



Heat resistance (200°C) 




Initial 


3 days 


7 days 


Hardness (Durometer type A) 


40 


39 


38 


Elongation (%) 


540 


500 (- 7%) 


450 (-17%) 


Tensile strength (MPa) 


10.7 


8.9 (-17%) 


6.7 (-37%) 


Heat loss (%) 




1 


1.9 



15 



20 



Table 2 




Initial 



25 



30 



35 



40 



45 



50 



55 



Cone, hydrochloric acid 



42 (+2) 



unchanged 



48 (+7) 



unchanged 



Cone. Cone, acid sulfuric acid 
Cone, hydrofluoric acid 



39 (-1) 
39 (-1) 



unchanged 
unchanged 



40 (-1) 
30 (-11) 



deteriorated 
deteriorated 



Trifluoroacetic acid 



38 (-2) 



unchanged 



decomposed 



decomposed 



40% aqueous KOH solution 



41 (+1) 



unchanged 



Figures in parentheses indicate increases/decreases of hardness poin 
3 days 



41 (+0) 



unchanged 



[0046] It is evident from Table 2 that composition I has superior acid resistance to composition 

Table 3 



Solvent swell (volume change %) 



Solvent 


Composition I 


Viton GFLT 


FE61 


gasoline 


+10 


+ 5 


+ 42 


methanol 


+ 2 


+ 16 


+ 1 


chloroform 


+12 


+ 12 


+ 23 


acetone 


+ 7 


+148 


+177 


toluene 


+ 7 


+ 10 


+ 30 


IPA 


+ 4 


+ 1 


+ 1 


acetonitrile 


+ 1 


+ 46 


+ 3 


MEK 


+15 


+150 


+1 94 


ethyl acetate 


+13 


+150 


+1 72 


THF 


+18 


+149 


+204 


n-hexane 


+ 7 


+ 2 


+ 18 


carbon tetrachloride 


+10 


+ 4 


+ 27 



Viton GFLT: fluoro-elastomer by E. I. Dupont 
FE61 : fluorosilicone rubber by Shin-Etsu Chemical Co., Ltd. 
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Table 4 



10 



Low-temperature property (German torsion test) 




Composition I 


Viton E-60 


KE951 


T 2 


-36° C 


-6°C 


-41° C 


T 5 


-47°C 


-11°C 


-43° C 


T10 


-53*C 


-14° C 


-44° C 


T 100 


-61° C 


-20° C 


-50° C 


Viton E-60: fluoro-elastomer by E. I. Dupont 
KE951: fluorosilicone rubber by Shin-Etsu Chemical Co., Ltd. 



15 



1 



■ i 



20 



25 



30 



Table 5 



Moisture permeability (CUP method) 


Sample 


Moisture permeability 


Composition 1 


4 


KE951 


100 


Viton GFLT 


4 


FE251 


50 


Conditions: 40°C/90% RH (unit, g/m^-24 hr) 
KE951: fluorosilicone rubber by Shin-Etsu Chemical Co., Ltd. 
Viton GFLT: fluoro-elastomer by E. I. Dupont 
FE251: fluorosilicone rubber by Shin-Etsu Chemical Co., Ltd. 
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Example 2 

[0047] A composition was prepared as in Example 1 except that a polymer of formula (iv) (viscosity 5,300 cs , average 
molecular weight 17,000, and vinyl content 0.012 mol/100 g) was used instead of the polymer of formula (i) and the 
amount of the fluorinated organosilicon compound was changed to 3.53 parts. As in Example 1, a cured sheet was 
obtained from this composition. A specimen was cut therefrom and measured for physical properties according to J IS 
K-6251 and 6253. The results are shown below. 





Hardness (D urometer type A) 


45 


40 


Elongation 


420% 


Tensile strength 


10.2 MPa 



45 



CH, 

I 

CH 2 =CH-Si 



CH 




CH 3 
I 

N-C-Rf-C-N 

II I! 

o o 



CH 3 
I 




CH 3 
I 

Si-CH=CH 2 



CH 3 



(iv) 



50 



Rf : 



55 




CF-0-CF 2 
I 




m + n = 90 



14 
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SSd. K.625, ««> 6263. Th. res-s „ .«-n *'°« 



Hardness (Durometer type A) 
Elongation 
Tensile strength 



35 

540% 
11.2 MPa 



J5 



20 



CH 3 



CH 2 =CH-Si 
I 



CH 




O O 

« I 
Rf-C-Q-C 




(v) 



25 



Rf 



CF-0-CF 2 
CF, 




CF 2 -0-CF 
CF 




30 



m+ n = 35 



35 



40 



45 



so 



H 
I 



CH 3 CH 3 

Q : -N-CH 2 -CH 2 -CH 2 -Si-0-Si-CH 2 CH 2 CH 3 

o o 

CH 3 CH 2 CH 2 -Si-0-Si-CH 2 -CH 2 -CH 2 -N 

CH 3 CH 3 



H 
I 



,0050! The specimen was also examined tor chemical resistance, with the results shown in Taole a. 

~ Xample " , . that inn narts 0 f a polymer of formula (vi) (viscosity 

according to J.S K-6251 and 6253. The results are shown below. 



55 



Hardness (Durometer type A) 35 

K3 



Elongation 
Tensile strength 



530% 
10.2 MPa 



15 



* 

t • 
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5 



10 




(vi) 



15 

m + n = 35 



20 

Q : 




CH 3 

25 

[0052] The specimen was also examined for chemical resistance, with the results shown in Table 6. 
Example 5 

30 [0053] A composition was prepared as in Example 1 except that 1.69 parts of the fluorinated organosilicon compound 
of formula (ii) and 0.46 part of a fluorinated organosilicon compound of formula (vii) were used together. As in Example 
1 , a cured sheet was obtained from this composition. A specimen was cut therefrom and measured for physical prop- 
erties according to JIS K-6251 and 6253. The results are shown below. 



Hardness (Durometer type A) 


55 


Elongation 


380% 


Tensile strength 


9.7 MPa 



40 



45 



Me 
I 

C S F, 7 -CH 2 -CH r Si-(CH2-CH 2 -Si-H)3 

Me 



(ii) 



Me Me 
I I 



55 



(H-Si-CH 2 -CH 2 ) 3 -Si-(CH 2 ) 2 -Si<CH 2 -CH r Si-H)3 ( vii ) 

Me Me 

[0054] The specimen was also examined for chemical resistance, with the results shown in Table 7. 
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to 



Example 6 

o /7 arte nf a fluorinated organosilicon compound 

[0055] A composition was prepared as in Example 1 , excepUhat 2 ^ 7 par t s ^ ^ ^ , cured 

b e ^=^^ and measured ,or physical propert,es ac 

cording to JIS K-6251 and 6253. The results are shown below. 



Hardness (Durometertype A) 
Elongation 
Tensile strength 



37 

640% 
9.3 MPa 



15 



20 



25 



30 



35 



40 



45 



Me 
I 



C 8 F 17 -CH 2 -CH 2 -Si-(CH 2 -Si-H) 3 



( viii ) 



I 

Me 

also examined for chemical resistance, 



with the results shown in Table 7. 



[0056] The specimen was 

Example 7 mo iecular weight 22,000, and vinyl 

[0057] To 100 parts of the polymer °"<f™ la « ^ 

content 0.009 mo^t 00 g) used in Example 1 was addec 2C , parts of dim y ^ ^ ^ ^ mjxture add d 
surface area of 200 m*/g. They were m.xed, he* ^ ?° sed in Examp , e V 1.51 parts of the '"onnated 
1 06 parts of the fluorinated organosilicon ™^ atX of a toluene solution of a catalyst m the form 

hvdroqensiloxane of formula (iii) used in Com P a [ aU ™ B *l m ^ ch lolatinum concentration 1 .0 wt%), and 0.4 part of 
JcSlatinic acid modified with CH 2 =CHSiMe^ R was deaer ated in vacuum 

a 50% tokiene solution of ethynyl cyclohexanol. The y m ' x ^ cured at , 00 kg/cm* and 1 50»C for 1 0 mmutes^ 
Pl 5 aLdina r ectangu,arfra m eof = 
From the cured sample, a specimen was cui out d. 
6253. The results are shown below. 



50 



55 



Hardness (Durometertype A) 
Elongation 
Tensile strength 



41 

590% 
12 MPa 



,00=., T0 e sp.c».n »*s a„0 «— * *— — * « — *- " ~* ' 



Table 6 



Example 2 



Chemical 
Initial 



Cone, hydrochloric acid 
Cone, sulfuric acid 
Cone, hydroflu oric acid 
Trifluoroacetic acid 



Surface state 

unchanged 
unchanged 
unchanged 
unchanged 



47(+2) unchanged 41 (+6) 



unchanged 
unchanged 
unchanged 
unchanged 



32(-3) 
32(-3) 



unchanged 38(4-3) unchanged 



unchanged 
unchanged 



unchanged 
unchanged 



40% aqueous KOH t _ _ L _ _ 

solution I srTrtSFF easl of hard iS ss point from the initia l . AttacK conditions: WCi 

Figures in parenth eses indicate incr eases/decreases of naran ^^^^ 

3 days 
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Table 7 





Example 5 


Example 6 


Exa 


mple 7 


Chemical 


Hardness 


ourrac state 


naraness 


0 1 1 rfo^^ pt of c\ 

oUITaCe SLaie 


Hardness 


Surface state 


Initial 


55 




37 




41 




Cone, acid hydrochloric 
acid 


57(+2) 


unchanged 


38(+1) 


unchanged 


44(+3) 


unchanged 


Cone, sulfuric acid 


54(-1) 


unchanged 


36(-1) 


unchanged 


40(-1) 


unchanged 


Cone, hydrofluoric acid 


53(-2) 


unchanged 


36(-1) 


unchanged 


37(-4) 


unchanged 


Trifluoroacetic acid 


52(-3) 


unchanged 


36(-1) 


unchanged 


35(-6) 


deteriorated 


40% aqueous KOH 
solution 


58 (+3) 


unchanged 


38(+1) 


unchanged 


41(0) 


unchanged 


Figures in parentheses indicate increases/decreases of hardness point from the initial. AttacK conamons. o/ 
3 days 



[0059] It is evident from Tables 2, 6 and 7 that the curable f luoropolyether rubber compositions using H-SiCH 2 - type 
organosilicon compounds in Examples show excellent acid resistance as compared with the similar composition using 
an H-SiOSi type organosilicon compound in Comparative Example. Example 7 demonstrates that a combination of H- 
SiCH 2 - and H-SiOSi types is also effective for improving acid resistance. 
[0060] Japanese Patent Application No. 2000-1 96789 is incorporated herein by reference. 

[0061 ] Although some preferred embodiments have been described, many modifications and variations may be made 
thereto in light of the above teachings. It is therefore to be understood that the invention may be practiced otherwise 
than as specifically described without departing from the scope of the appended claims. 



Claims 

1 . A curable fluoropolyether rubber composition comprising 

(A) a straight-chain fluoropolyether compound having at least two alkenyl groups in a molecule and a perfluor- 
opolyether structure in the backbone, 

(B) an organosilicon compound having in a molecule at least two silicon atom-bonded hydrogen atoms, which 
all form H-SiCH 2 - structures, and 

(C) a hydrosilylation catalyst. 

2. The composition of claim 1 wherein component (B) is an organosilicon compound of the following general formula 

(1): 



45 



Ms-Si 



Si-M t 



(1) 



. b 



50 R 

I 

M : -(CH 2 ) C -Si-H 
R 

55 

wherein c is 1 , 2, 3 or 4, 



WSDOCID:<EP 1167463A2 I > 
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general formula (2) or (3): 



CH,=CH-(X) D -Rf°-(X) p -CH=CH 2 



CH,=CH-(X)„-Q-Rf 0 -Q-(X)p-CH=CH 2 



(2) 



(3) 



wherein X is independently -CH 2 -, -CH 2 0- or -Y-NR'-CO- 

wherein Y is -CH 2 - or a group of the following structural formula (Z). 




(Z) 



(o, m or p-position), and R' is hydrogen, methyl, phenyl or allyl, 
RfO is a divalent perfluoropolyether structure, 

^TsalTeS-arrgroup of 1 to 15 carhon atoms which may contain an ether oond. 
4 . The composition of Cairn 3 wherein component (A) is a straight-chain f.uoropo.yether compound of the foUowing 
general formula (4): 

0-(C u F 2u O) r -f-9F-CF 2 -0-Y-f-Wp- CH=CH2 (4) 

CF 3 



CH 2 =CH^X) p -CTYO-CF 2 -<pF^O-(C u F 2u O)^CF-Ch 2 -U-V- 

CF 3 \ CF 3 / m \CF 3 /„ 



wherein X is independently -CH 2 -, -CH 2 0- or -Y-NR'-CO- 

wherein Y is -CH 2 - or a group of the following structural formula (Z). 




(Z) 



(o, m or p-position), and R' is hydrogen, methyl phenyl or ^ aHyl ^ ^ ^ ^ an |nteger 

n is indeoendently 0 or 1 , r is an mteger of 1 to 6, u is an integer oi 



p is independently 
of 0 to 200. 
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(57) A curable fluoropolyether rubber composition 
comprising (A) a straight-chain ^^[^ 
pound having at least two alkenyl groups and aperf uor 
opolyether structure backbone, (B) an organos.ncon 
compound having at least two silicon atom-bonded hy- 



drogen atoms, which all form H-SiCH2- 
{ C) a hydrosilylation catalyst cures nto parts whrch have 
good heat resistance, chemical res.stance, solven re 
stance parting property, water repellency, oil repellen^ 
c^and weather'resistance as well as improved ac.d and 
alkali resistance and are useful as sealants. 
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